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(S) Motor fuels of enhanced properties. 



(|7) Environnr^entally-^endly fuels are provided comprising a gasoline fuel composition having a Raid 
vapor pressure (ASTM test method D-323) of 8.5 psi (58.6 kPa) or less, and preferably 8.0 psi (55.2 kPa) 
or less, containing up to 1/32 gram of manganese per gallon (0.008 g/lrter) as at least one fuel-soluble 
cydopentadienyi manganese tricartx)nyl compound. Such nx)tor fuels have improved octane quality as 
compared to the dear base fuel, and thus do not require the use of increased proportions of aromatics 
in the fuel. In addition, the fnotor fuels contritxjte to dean ar by resulting in less evaporation into the 
atnrtosohere ^during such operations as stora<}e and dispensincj to vehides and by resulting during 
engine operation in reduced emission of carbon monoxide (CO) and oxides of nitrogen (NUx) whitie 
having little effect on the level of taHpipe hydrc)cart)on emissions. The fuels exhibit virtually no adveise 
effect upon exhaust gas catalysts of the type convnonly used in present-day vehides. Because tiie base 
fuels can contain reduced volumes of aromatics, the antiknock response of the fuels to the additran 
the cydopentadienyi manganese tricartx)nyl compounds remains high. 
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This invention relates to gasoline fuel compositions having superior environniental and perfonmance 
properties. 

As is known, light ends of gasoline tend to evaporate into the atmosphefB, especially during warm or hot 
weather but removal of the light ends to reduce atmospheric pollution reduces the octane quality of the 

5 gasoline. Increased proportions of aromatic gasoline hydrocartxins of high octane quality, such as benzene, 
toluene, and xylene, can be used to compensate for this reduction in octane quality. However, since aromatics 
are not particularly desirable from the toxicoiogical standpoint, it would be desirable to provide a way of reducing 
the front end volatility of gasoline without having to increase the aromatics content 

The gasoline fuel composition of this invention has a Reid vapor pressure (ASTM test method D-323) of 

10 8.5 psi (58.6 kPa) or less, preferably 8.0 psi (55^ kPa) or less, and contains up to 1/32 gram of manganese 
per gallon (0.008g/)iter) as at least one fuel-soluble cydopentadienyl nr^nganese tricarbonyl compound. The 
use of cydopentadienyl manganese tricartx)ny1s increases the octane quality of the low Reid vapor pressure 
gasoline without increasing its volatility and without requiring an increase in Its aromatics content, and it has 
been found that these manganese compounds tend to exert a greater octane-improving effect in paraffinic and 

15 naphthenic hydrocart>ons than they do in aromatic gasoline hydrocartwns. Moreover, the use of the fuels of 
the invention results in reduced emission of cartwn dioxide and nitrogen oxides (NOJ during engine operation 
while having litUe effect on the level of tailpipe hydrocartran emissions: and they exhibit virtually no adverse 
effect upon exhaust gas catalysts and oxygen sensors of the type commonly used in present-day vehides. 
Thus, the fuels of the invention are "environmentally friendly." 

20 Other embodiments of tiie invention are improvements in (1) the nomial process for preparing a gasoline 

by blending togetiner appropriate proportions of suitable hydrocartxDns of the gasoline boiir>g rarige (typicaJly 
7a-440**F (21.1-226.7*0)] and/or (2) processes for distributing gasoline and/or dispensing it to motor veh teles. 

In the improved preparation of the gasoline, the aforementioned cydopentadienyl manganese tricart>onyi 
and low Reid vapor pressure fuel are blended in any suitable nianner, e.g., by (a) blending the fuel-soluble addi- 

25 tive into the gasoline during or after completion of the gasoline Wending procedures or (b) mbdng the additive 
with one or more streams of gasoline hydrocartwns or ottier blending components, such as oxygenated fuel 
blending components, before the streams are blended together. The octane-enriched gasoiine thus obtained 
may then be stored in at least one storage tank in a tank farm, if desired, before being distributed for use in 
fueling motoc vehides; and it may then be dispensed to motor vehides. 

30 These improved processes lessen the anDount of vdatfle hydrocartxjns released into the atmosphere dur- 

ing storage and/or during fueling of a nDotor vehide; and. in comparison with processes which utilize con-e- 
sponding fuels containing no cydopentadienyl nwnganese tricartwnyt, they reduce the amount of carbon mono- 
xide and nitrogen oxides released into the atnx>sphere during operation of nx)tor vehides. 

As noted above, the unleaded gasdines utilized in the practice of. this invention must have a Reid vapor 

35 pressure of 8.5 psi (58.6 kPa) or betow. and preferably 8.0 psi (55.2 kPa) or below. As is well known, Reid vapor 
pressures are determined at 1 00**F (37.8*0). Such gasolines are lead-free in the sense that no organoiead anti- 
knock agent is blended into the fuel, although they may contain trace anrxxjnts of lead contaminants. The hyd- 
rocartxjnaceous gasoline base stocks that are used in forming the gasoline blends indude straight run stocks, 
light naphtha fractions, cracked gasdine stocks obtained from thermaJ or catalytk: cracking, hydrocracking. or 

40 similar methods, refonmate obtained by catalytic refbmiation or like (Hocesses, polymer gasolines formed via 
polymerization of olefins, alkylates obtained by addition of olefins to isobutane or other hydrocartx)ns by alky- 
lation processes, isomerates fonmed by isomerization of lower straight chain paraffins such as n-hexane. n- 
heptane. and the like, and other hydrocarbons of the gasoline boiling range fonmed by suitable refinery pro- 
cessing operations. Suitable amounts of appropriate hydrocartx>ns fonmed by other methods such as produc- 

45 tion from coal or shale can be induded. if desired. For example refbrmates based on Ik^uid fuels formed by the 
Fischer-Tropsch process can be induded in the blends. In all cases, the resultant gasoline nmjst satisfy the 
Reid vapor pressure requirements of this invention and additionally will possess the distillation characteristics 
typical of conventional regular, midgrade, premium, or super-premium unleaded gasolines. Thus the motor 
gasolines are generally within the parameters of ASTM D 4814 and typically have initial boiling points in the 

50 range of 70-115*'F (21.1-46.1<'C) and final boiling points in the range of 370-440*'F (187.8-226.7*'C) as 
measured by the standard ASTM distfllation procedure (ASTM D 86). The hydrocarbon composition of 
gasolines according to vdume percentages of saturates, olefins, and aromatics is typically determined by 
ASTM test procedure D 1319. 

Generally, the base gasdine will be a blerid of stocks obtained from several refinery processes. The final 

55 blend may also contain hydrocartxjns made by other procedures such as alkylates made by the reaction of 
olefins and butanes using an add catalyst such as sulfuric ackl or hydrofluoric add. and aromatics made from 
a reformer. 

The saturated gasdine components comprise paraffins and naphthenates. These saturates are generally 
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Obtained from: (1) virgin gasoline by distillation (straight run gasoline). (2) alkylation processes (alkylates), and 
(3) isomerization procedures (conversion of nonnai paraffins to branched chain paraffins of greater octane quat- 
ity). Saturated gasoline components also occur in so-called natural gasolines. In addition to the foregoing, ther- 
mally cracked stocks, catalytically cracked stocks and catalytic refomiates contain some quantities of saturated 
5 components. 

Olefinic gasoline components are usually fbnned by use of such procedures as thermal cracking, and 
catalytic cracking, Dehydrogenatwn of paraffins to olefins can supplement the gaseous olefins occunring in the 
refinery to produce feed material for either polymerization or alkylation processes. 

The gasoline gasoline base stock blends with which the cydopentadienyl manganese tricarbonyl additive 

10 is Wended pursuant to this invention wll generally contain 40 to 80 volume % of saturates. 1 to 30 VQiume % 
olefins, and up to about 45 volume % aromatics. Prefeoed gasoline base stock blends for use in the practice 
of this invention are those containing no wore than 40% by volume of aromatics, more preferably no more than 
30% by volume of aromatics, still more preferably no more than 28% by volume of aromatics, and most pref- 
erably no nwre than 25% by volume of aromatics. Preferably, the overall fuel Wend wilt contain no more than 

15 1% by volume and most preferably no more than 0.8% by volume of t>enzene. 

Particularly preferred unleaded gasolines produced and/or utilized in the practice of this invention not only 
meet the Reid vapor pressure criteria set forth hereinabove but in addition, are characterized by having (1 ) a 
maximum sulfur content of 300 ppm, (2) a maximum bromine number of 20, (3) a maximum aromatic content 
of 20% by volume, (4) a maximum content of benzene of 1 % by volume, and (5) a minimum content of contained 

20 oxygen of 1% by weight in the form of at least one monoether or polyether. such gasoline having dissolved 
therein up to 1/32 gram of manganese per gallon (3.8 liters) as methyicyclopentadienyi manganese tricartwnyl. 
Gasolines of this type not containing the nranganese additive are sometimes refeoBd to as refomxjlated 
gasolines. See for example Oil & Gas Joumal. April 9, 1990, pages 43-48. 

From the standpoint of octane quality, the preferred gasoline base stock blends are those having an octane 

25 rating of (R + M)/2 ranging from 78-95, 

Any of a variety of cydopentadienyl manganese tricartwnyl compounds, e.g., those of U.S. Pat No. 
2,818.417, can be used in the practice of this invention. Illustrative examples of these manganese compounds 
include the cydopentadienyl. methyicydopentadienyl, dimethylcydopentadienyl. trimethylcydopentadienyl. 
tetramethylcydopentadienyl, pentamethyicydopentadienyl. ethytcyclopentadienyl. diethylcydopentadienyl, 

30 propylcydopentadienyl. isopropylcydopentadienyl, tert-butylcydopentadrenyi, octylcydopentadienyi. dodecyi- 
cydopentadienyi, ethyinr>ethylcydopentadienyi, and indenyl manganese tricartx>nyls. and mbctures of two or 
more such compounds. Generally speaking, the prefenred compounds or mixtures of compounds are those 
which are in the liquid state of aggregation at ordinary ambient temperatures, such as methylcydopentadienyl 
manganese tricartwnyl, etiiylcydopentadienyi manganese tricarbonyl, liquid mixtures of cydopentadienyl man- 

35 ganese tricartwnyl and nr^thylcydopentadienyl manganese tricartxjnyl, and mixtures of methylcydopenta 
dieny* manganese tricarbonyl and ethyicydopentadienyi manganese tricarbonyl. The most preferred conv 
pound because of its commercial avaiabiity and its excellent combination of properties and effectiveness is 
methylcydopentadienyl manganese tricart)onyl. 

The practice of this invention and various embodiments thereof is illustrated by the following examples whe- 

40 rein the percentages of gasoline hydrocart)ons are by volume. These examples are not intended to limit, and 
should not be construed as limiting, this invention. 

EXAMPLE 1 

45 An unleaded motor gasoline blend is produced containing 58.9% saturated hydrocartwns, 17.5% olefinic 

hydrocartwns and 23.6% aromatic hydrocart)ons, all of the gasoline boiling range. The Reid vapor pressure of 
the blend is 8.5 psi (58,6 kPa). With this base fuel are blended methylcydopentadienyl manganese tricarbonyl 
to a concentration of 1/32 gram of nranganese per gallon (0.008 g/liter) and 4-methy1-2,6-di-tert-butyl phenol to 
a concentration of 7.5 pounds per thousand barrels (21.4 g/m^). After storing the motor gasoline over water in 

50 a field storage tank on a tank fanm, the product is transported by tank trucks to gasoline filling stations where 
it is dispensed on demand to motor vehides. The vehides consume the same during their operation. 

EXAMPLE 2 

55 An unleaded motor gasoline of this invention is produced to contain 56.9 saturates, 20.0% olefins and 

23. 1 % aromatics, all of the gasoline boiling range. The components are selected such that the Reid vapor press- 
ure of the Wend is 8.4 psi (57.9 kPa). A mixture of tertiary butylated phenolic antioxidants containing 85% by 
weight of 2,6-di-tert-butylphenol is blended into the fuel to a concenti^tion of 6.5 pounds per thousand barrels 
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( 18.5 g/m^). Methylcydopentadienyi manganese tricartxinyl is blended into the resultant Wend to a concen- 
tration of 1/32 gram of manganese per gallon (0.008 gyiiter). This fuel is stored, transported, and dispensed to 
and utilized in the operation of nrK>tor vehides. the nr^jority of which contain catalytic converters. 

5 EXAMPLES 

Into an unleaded motor gasoline (67.7% saturates, 7,5% olefins. 24.8% aromatics) having a Reid vapor 
pressure of 8.0 are blended methylcydopentadienyi manganese tricarbonyi and methyl tert-butyl ether in 
anf)0unts such that the resultant fuel contains 1/32 gram of nruinganese per gallon (0.008 g/liter) and 2.7% by 
10 weight of oxygen as methyl tert-butyi ether. The finished fuel, which can contain, and preferatriy does contain, 
conventional amounts of antioxidant metai deactivator, and cartxjretor detergent, is dispensed to and tftilized 
in the operation of nrkotor vehicles induding passenger cars, buses, trucks, vans, and motorcydes. 

EXAMPLE 4 

15 

Examples 1-3 are repeated except that in one case the respective motor fuels contain 1/40 gram of man- 
ganese per gallon (0.007 g/liter), in another the respective motor fuels contain 1/50 gram of manganese per 
gallon (0.005 g/liter). in a third case, 1/64 gram of manganese per gallon (0.004 g/Iiter) and in still another case, 
1/100 gram of manganese per gallon (0.003 g/liter). 

20 

EXAMPLE 5 

Examples 1-4 are repeated except that in each case the methylcydopentadienyi manganese tricarbonyi 
is replaced by an equal concentration of nrwinganese as cydopentadienyi manganese tricarbonyi. 

25 

EXAMPLES 

Examples 1-4 are repeated except that in one series of cases the respective fuels contain instead of methyl- 
cydopentadienyi manganese tricartwnyl. a mixture of 90% by weight of methylcydopentadienyi manganese 

30 tricartx)nyl and 10% by weight of cydopentadienyi manganese tricart)onyi in amounts such that the respective 
fuels contain the same respective concentrations of manganese as the fuels of Examples 1 ^. In another series 
of cases, the respective fuels of Examples 1-4 contain the same respective concentrations of manganese in 
the fomi of dimethylcydopentadienyl nr^nganese tricartx)nyt in lieu of the methylcydopentadienyi manganese 
tricartxanyi. And in still another series of cases the specified concentrations of manganese in the fuels of Exam- 

35 pies 1-4 are supplied by tert-butylcydopentadienyl manganese tricartwnyl. In yet another series of cases the 
manganese additive used in forming the motor fuel compositions is indenytnnanganese thcartx)nyl instead of 
methylcydopentadienyi manganese tricarbonyi. 

EXAMPLE 7 

40 

With an unleaded gasoline formulated to contain 40.1 % saturates. 15.3% olefins, and 44.6% aromatics and 
having a Reid vapor pressure of 8.3 psi (57.2 kPa) are blended the following components: 

5 pounds per thousand banrels (14.3 g/m^) of a phenolic mixture composed of 75 % 2,6-dl-tert-butyl- 
phend. 10-15 % 2-tert-butylphend and 10-15 % of 2.4.6-tri-tert-butylphend; and 
45 1 pound per thousand barrels (2.9 g/m^) of N.N'-disalicylidene-1,2-propanediamine. 

Thereafter, methylcydopentadienyi manganese tricartwnyi is blended into the gasoline to a concentration 
equivalent to 1/32 gram of nr^nganese per gallon (0.008 g/Iiter). 

EXAMPLE 8 

50 

An unleaded motor gasdine blend having a Reid vapor pressure of 7,8 psi (53.8 kPa) is formulated from 
72.5% saturates, 4.0% olefins, and 23.5% aromatics (of which less than 3% by volume is benzene so that the 
fuel contains less than 1% by volume of benzene). Methyl tert-butyl ether is blended into the base gasoline in 
anxDunt sufficient to provide an oxygen contend of 2.0% by weight in the fuel. Thereafter nriethyl cydopentadienyi 
55 manganese tricartx)nyl is blended into the resultant motor fuel in an annount equivalent to 1/35 gram of man- 
ganese per gallon (0.008 g/liter). 



10 
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EXAMPLE 9 



Example 8 is repeated with the exceptions that (a) the initial gasoline Wend has a RekJ vapor pressure of 
7.9 psi (54.5 kPa) and is composed of 75.7% saturates, 4.8% olefins, and 19.5% aromatics (of which aromatics. 
less than 3.5% by volume is benzene); and (b) a mixture of methyl tert-butyl ether and ethyl tert-butyl ether is 
blended into the fuel in an amount such that the content of the oxygenated fuel blend is equivalent to Z5% by 
weight of oxygen. 



EXAMPLE 10 



Example 8 is again repeated except that (a) the initial gasoline blend has a Reid vapor pressure of 7.7 psi 
(53,1 kPa) and Is composed of 78.6% saturates, 4.4% olefins and 17.0% aromatics (the entire fuel blend again 
containing less than 1% by volume of benzene); and (b) in lieu of methy* tert-butyl ether, tert-amyi methyl ether 
is blended into the gasoline in an amount equivalent to an oxygen content in the fuel of 2.7% by weight 



EXAMPLE 11 



Blended with the respective fuels of Examples 7-10 at a concentration level of 100 pounds per thousand 
barrels, (285.3 g/m^) is a pdyether amine deposit control adj Mve available commercially from Oronite Chemical 
20 Co. as OGA-480. ~ 

EXAMPLE 12 

Blended with the respective fuels of Examples 7-10 at a concentration of 100 pounds per thousand barrels 
25 (285.3 g/nt^) is a pdy alicenvl succinimide deposit control additive ava ilable commercially from Ethyl Petroleum 
Additives, Ltd. as HITEC 4450 additive. ~ 

EXAMPLE 13 

30 Blended with the respective fuels of Example 7-10 at a concentration level of 100 pounds per thousand 

barrels (285.3 g/m^ is..a4>olyteobutenyi a mine deposit control additive available commercially from Oronite 
Chemical Co. as OGA-472. ~^ 

As can be appreciated from the above examples, the fuels of this invention can, and preferably do, contain 
additives in addition to the cydopentadienyl manganese tricarbonyi compound or compounds. Such other addi- 

35 tives include antioxidants, deposit-control additives (also known as induction system cleanliness additives or 
fuel detergents), and oxygenated materials such as dialkyi ethers, all with the proviso that the volatility of such 
materials does not cause the fuel to exceed the Reid vapor pressure limitations required pursuant to this inven- 
tion. Other additives that may be employed include supplemental antiknock additives such as aromatic amine 
antiknocks such as N-methyi aniline: iron antiknock compounds such as ferrocene, methylferrocene, and 

40 butadiene iron tricarbonyi; and nickel antiknock compounds such as cydopentadienyl nickel nitrosyl. Corroswn 
inhibitors, n>etal deactivators, demulsifiers, and dyes comprise other types of additives that can be employed. 

Preferred oxygenated materials that can be. and preferably are, blended into the fuels of this invention are 
ethers of suitable low volatility such as metiiyl tert-butyl ether, ethyl tert-butyl ether, tert-amyi methyl ether, and 
2,2-diethyt- 1.3-propanedk)L Also useful are fuel-soluble esters and alcohols of suitably low volatility such as 

45 tert-butyl acetate, 1-hexanol, 2-hexanoi, 3-hexanol, and polyethoxyethands. Usually such oxygenated conv 
pounds are employed in amounts suffident to provide up to 3 to 4 weight % oxygen in the fuel, provWed such 
usage is consistent with existing or proposed legislation. Other suitable oxygen-containing blending agents 
indude p-cresol, 2,4-xylene. 3-methoxyphend, 2-methytfuran, cydopentanone. isovaleraldehyde. Z4-pen- 
tanedtone and similar oxygen-containing substances. 

50 Preferred antioxidants for the fuels of this invention are hindered phenolic antioxWants, such as 2,6-di-tert- 

butyi-phend, 2,4-dimethyi-&-tert-butylphenol. 4-methyl-2.6-di-tert-butyiphend, 4-€thyi.2.6-di-tert-butyiphend. 
4-butyl-2,6-di-tert-butyiphend, and mixtures of tertiary butylated phenols predominating in 2,6-di-tert-butyi- 
phend. In some cases aromatic amine antioxidants can prove useful either alone or in combination with a 
phendic antioxidant Antioxidants are usually employed in amounts of up to 25 pounds per thousand barrels 

55 (71.3 g/m3), the anrwunt used in any given case being dependent upon the stabiity (e.g., olefin content) of the 
gasoline 

Another type of additives preferably utilized in the fuels of this invention are ashless detergents such as 
polyether amines, polyalkenyi amines, alkenyl succinimides, pdyether amide amines, and the like. Such mate- 
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10 



rials can be used at treat levels of 50 to 500 pounds per thousand banreis (1 42.6-1 426.4 g/ny>), and more usually 
in the range of 100 to 200 pounds per thousand barrels (285.3-570.6 g/m^). 

The cydopentadienyj nrtanganese tricarbonyi compounds as well as the other supplemental additives or 
blending agents can be blended with the base fuels according to well known procedures utilizing conventional 
mbcing equipment This invention is directed to all such fuel compositions meeting the primary requisites of this 
invention. 

Driving tests were conducted on a 48-car fleet for a total of more than three million test mfles (4.8 x 10« 
km). Half of the cars of each model group were mn on "dear" (i.e., manganese additive-free) test fuel. The other 
half were run on the same fuel containing 1/32 of a gram of manganese per gallon (0.008 g/Iiter) as methyl- 
cydopentadienyl manganese tricarbonyi. The inspectwn data on the base fuel are set forth in the foilowino 
table. r ^ 



15 



Certification 
ASTM Fuel Sn#>9ificat:iQn*: Typical 
US^hod M\n. Max. ProDerties 



20 


Gravity, api 


D 


1298 






59.2 




Re id Vapor Pressure, psi 


D 


323 


8.7 


9.2 


9.2 




Sulfur, wt. t 


D 


3120 




0.20 


0,001 


25 


Lead, g/gal. 


D 


3237 


0.0 


0.05 


0.001 




Phosphorus, g/gal. 


D 


3120 




0-20 


Nil 




Distillation, 'T 


0 


86 








30 


IBP 
10% 






75 
120 


95 
135 


92 
128 




50% 






200 


230 


218 




95% 






300 


325 


J13 


35 


End Point 
Hydrocarbon Conposition 
Saturates, Vol. % 


D 


1319 




415 


373 
66.5 


40 


Olefins, Vol. % 
Aromatics, Vol. % 








10 
35 


1.8 

31.7 




Existent Gum. ng/lOO ml 


D 


3S1 






0.8 




1 Copper Strip Corrosion 


0 


130 






1 


45 


Research Octane Nunber 


D 


2699 


93.0 




96.8 




Motor Octane Nuabcr 


D 


2700 






83.5 



so 



55 



After fleet cars had accumulated 75.000 miles (120,701 km), they were analyzed for catalyst comrersion 
effiaency - i.e.. the abflity of automobile catalysts to convert the regulated emissions of hydrocarbons (HC). 
carbon monoxide (CO) and nitrogen oxide (NOJ to non-regulated materials. When compared with conversion 
effiaencies of catalysts run on clear test fuel, those run with the manganese-containing fuel were found to be 
essentially the same for HC. approximately 1 .1 percentage points betterfor CO, and 3.3 percentage points bet- 
terforNO,. , »~ s t~ 

Fleet cars were checked after 50.000 miles (80,467 km) for performance of oxygen sensore. For each 
model, the oxygen sensors were removed from each automobile and individually tested. No significant differ- 
ence occurred in performance of the oxygen sensors from cars run on the dear fuel versus cars mn on the 
same fuel containing the manganese additive. 
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Tvt^ was done by measoring the p««sure level of the exhaust before it enters the cat^^t T?em v^" 
evidence of catalyst plugging on any of the vehicles. ^aiaiysL i neie was no 

While the base fuel used in the above tests did not comply with the Reid vapor pressure reouiremenK ~ .r 
suantto«,«.nvention.mea^^^^ 

used .n the concentrations herein specified, do not cause catalyst plugging nor deorade ttie o^ri^^Z 

e^r^Z fo'«goi"9 benefrts can be achieved while at the same time reducing the extenUo 
ends<rf.hegasol.nearevaporizedintotheatrTX«phereduringstorege.trans^^^ 



Claims 



4. 



Dsi «8 ft^el composrtKK, having a Reid vapor pressure (ASTM test method 0-323) of 8 5 

JflS; ^ w '"^ "'"'^'""^ '° ^'^^ ^'^"^ -nanganese per gallon (0.008 g/!iter) as at lea« one 
fuel-soluble cydopentadienyl manganese tricarbonyl compound. ; as at least one 

2. A composition as daimed in Qaim 1 wherein the Reid vapor pressure of the gasoline is 8.0 psi (55.2 kPa) 

3. A composition as daimed in Qaim 1 or Qaim 2 wherein said at least one fuel-soluble cydooentadienvt 
manganese tncarbonyl compound consists essentially of methylcydopentadienCnganS W^^r^^ 

^^^"^.r^T '"hS""" ''^'^"^ "'^ S^^"'"* ""'-i"* "° than 25% by 

volume of aromabc hydrocarbon components and less than 1% by volume of benzene. 

A composition as daimed In any of the preceding claims wherein the base gasoline contains at least 50% 
by volume of saturated hydrocarbon components. « wniains at least 50% 

iTaS^JTh'''''" '^'"^ claims Wherein thefuel composition additionally contains 

up to about 4% by weight of oxygen as at least one oxygenated fuel blending component 

An unleaded gasoline fuel composition which comprises a gasoline fuel having (1) a Reid vapor pressure 

ml^ur^""^ a "^^"^ content of ScTpp^) a 

maxin^um bromine number of 20. (4) a maximum aromatic content of 20% by volume. (5) a max^L con- 
tent of benzene of 1 % by volume, and (6) a minimum content of contained oxygen in the fom, of at iSS 

manoTnr " " T'T' ''''''' '^^'^ dissoh^ed^^erein up ^3^1 o1 

manganese per gallon (0.008 g/liter) as methylcydopentadienyl manganese tncarbonyl. 

'^l °^ S^'^'"*- improvement which comprises forming a base unleaded 

gasoline having a Reid vapor pressure (ASTM test method 0-323) of 8.5 psi (58.6 kPa) or less and prt^ 

TooLn JJ""'!; '° °' """^'""'^ gallon (0.008 g/Iiter) as at least one fuel-solu We ^ 

lopentadienyl manganese tncarbonyl compound. 

.'ILTT^ ^V- P'^*"^'"" distribution of gasoline, the improvement which comprises forming 
unleaded gasoline having a Reid vapor pressure (ASTM test method D-323) of 8.5 psi (58 6 kPa) or less 
providing therein up to 1/32 gram of manganese per gallon (0.008g/Iiter) as at least one fuel-soluble cyo^ 
lopentedienyl manganese tncarbonyl compound to fomi an octane enhanced gasoline, and storing said 

^"^ ^ P"o^ to distributing the octane-enh- 

anced gasoline for use in fueling motor vehldes. 

In a process for dispensing gasoline to motor vehides. the improvement which comprises dispensing to 
motor vehldes unleaded gasoline having a Reid vapor pressure (ASTM test method 0-323) of 8.5 psi (58 6 
kPa) or less and containing up to 1/32 gram of manganese per gallon (0.008 g/liter) as at least one fuel- 
soluble cydopentadienyl manganese tncarbonyl compound. 
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